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BACKGROUND 

1. Field of Invention 

This invention relates to mobile communications and more particularly to a method 
and system for selecting vocoder rates and transmit powers for communications over an air 
5 interface of a wireless network. 

2. Description of Related Art 

Wireless networks are an increasingly popular means of communications. People 
are using mobile stations such as cellular telephones so that they can readily stay in touch 
with others. 

10 The wireless network typically includes a base station. The base station produces a 

radiation pattern defining a cell and/or sector in which the mobile stations operate. The 
radiation pattern allows for the base station to transmit and receive signals over an air 
interface of the wireless network. The base station may exchange the signals with a mobile 
switching center within the wireless network. The mobile switching center sets up and 

1 5 connects calls so that the mobile stations can communicate with a remote device. 

A vocoder (voice coder) on the base station and on each of the mobile stations may 
generate the signals that are exchanged over the air interface. The vocoder encodes speech 
at a data rate into the signals that are transmitted and received over the air interface. 
Typically, if the vocoder encodes the speech at a higher data rate, the signals better represent 

20 the speech. Thus, the vocoder may select a data rate of 9600 bits per second (bps), so as to 
produce signals that accurately represent the speech. Conversely, the vocoder may select a 
data rate of 2400 bps so as to produce signals that marginally represent the speech. 
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The number of calls that the air interface can handle (i.e., call capacity) is 
determined by the data rate at which the vocoders encode the speech. For example, a 
wireless network having vocoders encoding at a high data rate, e.g., 9600 bps, would have a 
smaller call capacity than a wireless network having vocoders encoding at a low data rate, 
> e.g., 4800 bps. 

Simultaneous mode vocoders (SMVs) have been developed to increase the call 
capacity of the wireless network. The SMVs account for a type of speech when encoding 
speech. For example, when conversation is occurring, the SMVs encode speech at a full 
data rate of 9600 bps. When there is silence, the SMVs transmit at 1/8* the full data rate 
q 10 (1200 bps). As normal voice conversations occur in bursts of time, the average data rate of 
the SMVs is lower than that of traditional vocoders. Thus, the SMVs permit a higher speech 
quality at a lower average data rate. In turn, the lower average data rate increases the call 
capacity of the wireless network. 

Speech encoding is not the only factor that determines the call capacity of the 
J? 1 5 wireless network. The transmit power of the signals transmitted over the air interface may 
also influence the call capacity. For example, the call capacity of the wireless network may 
decrease as the transmit power of the signals exchanged over the air interface increases. 
Conversely, the call capacity of the wireless network may increase as the transmit power of 
the signals decreases. 

20 The transmit power over the air interface is typically set in accordance with a frame 

error rate (FER). A frame defines a fixed number of bits that are transmitted over the air 
interface. The FER is a ratio of (i) a number of frames that has been received over the air 
interface that have at least one bit in error to (ii) a total number of frames that has been 
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received over the air interface. The transmit power can be adjusted to increase or decrease 
the FER over the air interface. The adjustment of the transmit power may also result in an 
increase or decrease in the call capacity of the wireless network. 
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SUMMARY 

The present invention stems from a realization of the difficulty in managing 
communications in wireless networks. Both the data rate and the transmit power of the 
signals exchanged over the air interface influence the call capacity of the wireless networks. 
5 Therefore, it would be advantageous to have an efficient method and system for selecting 
the data rate and the transmit power for base stations and mobile stations in the wireless 
networks. 

In accordance with a principle aspect of the present invention, the data rate and/or 
the transmit power of signals exchanged over the air interface may be adjusted based on a 
Q 10 level of interference over the air interface. The level of interference may be characterized 

Sfi by an aggregate energy-to-interference and/or an energy-to-interference. 

03 

The aggregate energy-to-interference may be representative of the interference 

m 

Pi s 

between a base station on the wireless network and a plurality of mobile terminals served by 
m the base station. Based on the aggregate energy-to-interference of the wireless network, the 

ffi 15 base station may reduce the data rate of signals exchanged between the base station and the 

ci 

f|| plurality of mobile stations served by the base station. The base station may reduce the data 

rate, for example, if the aggregate energy-to-interference is greater than a threshold set by an 
operator of the wireless network. The reduction in data rate may increase the call capacity 
of the wireless network. 

20 The energy-to-interference may be representative of interference over the air 

interface as between the base station and a single mobile station served by the base station. 
Based on the energy-to-interference of the wireless network, the base station may reduce the 
data rate of signals exchanged between the base station and a single mobile station served by 
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the base station. The base station may reduce the data rate, for example, if the energy-to- 
interference is greater than a threshold also set by the operator of the wireless network. 
Again, the reduction in data rate may increase the call capacity of the wireless network. 

If both the aggregate energy-to-interference and the energy-to-interference are less 
5 than their respective thresholds, then the base station will not adjust the data rate of the 
signals. Instead, the base station may increase the transmit power of the signals that are 
exchanged over the air interface. The transmit power may be increased for the signals that 
are exchanged between the base station and a single mobile station served by the base 
station. The increase in the transmit power may result in a reduction of the FER over the air 
Q 10 interface. 

Thus, in one respect, an exemplary embodiment of the present invention may take 
the form of a method and system for managing communications in a wireless network. A 
first entity such as a base station and at least one second entity such as a mobile station may 
Sj be separated by an air interface. Based on a measure of interference over the air interface, 

Cft 15 i.e., aggregate energy-to-interference and/or energy-to-interference, the base station may 
HI select a data rate for the signals transmitted over the air interface. The data rate may be 

selected for the signals transmitted from the base station to at least one mobile station served 
by the base station. Additionally, a separate data rate may be selected for the signals 
transmitted from the at least one mobile station served by the base station to the base station, 
20 The base station and the at least one mobile station may then exchange signals at the data 
rates. 

In another respect, the method and system may also involve selecting a transmit 
power. Based on the measure of aggregate energy-to-interference and energy-to- 
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interference, the base station may select a transmit power for the signals transmitted from 
the base station to a single mobile station served by the base station. Additionally, the base 
station may select a separate transmit power for the signals transmitted from the single 
mobile station to the base station. The base station and the single mobile station may then 
exchange signals at the transmit powers. 

These as well as other aspects and advantages of the exemplary embodiments will 
become apparent to those of ordinary skill in the art by reading the following detailed 
description with appropriate reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE FIGURES 

An exemplary embodiment of the present invention is described herein with 
reference to the drawings, in which: 

Figure 1 is a block diagram of a wireless network; 

Figure 2 illustrates an exemplary network-based process for adjusting transmit 
power and data rate of signals; and 

Figure 3 is a flow chart that illustrates in more detail how to adjust the data rate 
and/or transmit power of the signals. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 



A. Architecture for Exemplary Wireless Network 

Referring to the drawings, Figure 1 is a block diagram of a wireless network in 
which exemplary embodiments of the present invention may be employed. Those skilled in 
5 the art will appreciate that many of the elements described herein are functional entities that 
may be implemented as discrete components or in conjunction with other components, in 
any suitable combination or location. Still further, various functions described herein as 
being performed by one or more entities may be carried out by a processor programmed to 
execute an appropriate set of computer instructions stored in memory. Provided with the 
Q 1 0 present disclosure, those skilled in the art can readily prepare an appropriate set of computer 
CH instructions (e.g., software) to perform such functions. 

J* Referring to Figure 1, the wireless network is shown to include a mobile station 

12, which communicates via an air interface 14 with a base transceiver station (BTS) 16. 
fll The BTS 16 may include an antenna that produces a radiation pattern defining a cell 

|J1 15 and/or sector in which mobile stations operate. The BTS 16 may, in turn, communicate 

h 

iW with a base station controller (BSC) 18. The BSC 18 controls traffic via a plurality of 

BTSs. The BSC 18 also communicates with a mobile switching center (MSC) 20. The 
MSC 20 may serve to set up and connect calls with other switches. The MSC 20 may 
thus be coupled with (or sit as a node on) a public switched telephone network (PSTN) 
20 22. 

The MSC 20 may also be coupled to an interworking function (IWF) 24. The 
IWF 24 may transmit and receive data between the MSC 20 and a data network 26 such 
as the Internet. In addition to or instead of the IWF 24, the BSC 18 may also be coupled 
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to a packet data serving node (PDSN) 28. The PDSN 28 may also transmit and receive 
data between the mobile station 12 and the data network 26. 

When the mobile station 12 is positioned in a cell, the mobile station 12 and the 
BTS 16 and BSC 18 (collectively referred to herein as a base station) may exchange 
5 signals over the air interface 14. The air interface 14 may have a forward link channel 30 
and a reverse link channel 32. 

The forward link channel 30 may carry the signals in a "forward" direction from 
the base station to the mobile station 12 over the air interface 14. The signals transmitted 
over the forward link channel 30 may be formatted as bits in frames 34, preferably 20 ms 

0 10 in duration, but of course other arrangements are also possible. 

4*4 

{ft Conversely, the reverse link channel 32 may carry the signals in a "reverse" 

4* direction from the mobile station 12 to the base station over the air interface 14. The 

r! i 

signals transmitted over the reverse link channel 32 may also be formatted as bits in 
i** frames 34. 

fji 15 The reverse link channel 30 may be subdivided into a number of channels. The 

M 

jfy reverse link channel, for example, may include a reverse link pilot channel. The reverse 

link pilot channel carries signaling and control information from the mobile stations 
served by the base station to the base station. 

The mobile station 12 may transmit signals over the air interface 14 at a data rate 
20 and a transmit power. The data rate may be the rate at which a vocoder on the mobile 
station 12 encodes speech and transmits the signals over the air interface 14. The 
transmit power may be the power at which the mobile station 12 transmits the signals 
over the air interface 14. 
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Likewise, the base station may transmit signals over the air interface at a date rate 
and a transmit power. The data rate and the transmit power need not be the same as that 
used by the mobile station 12. The data rate may be the rate at which a vocoder on the 
base station encodes speech and transmits the signals over the air interface 14. The 
! transmit power may be the power at which the base station transmits the signals over the 
air interface 14. 

B. Network-Based Data Rate Control and Power Control 

Figure 2 illustrates an exemplary network-based process for adjusting the transmit 
power and the data rate of the signals transmitted between the mobile station 12 and the 
jp: 10 base station. The base station, for example, may be programmed to carry out the 
network-based process so as to manage communications over the wireless network. 

The network-based process of Figure 2 is set forth as various logical paths for 
determining whether to increase or decrease the data rate and/or the transmit power of the 
5 1 signals transmitted over the air interface 14. The exemplary embodiments of the present 

■m 15 invention assume that the base station and the mobile terminal 12 adjust the data rate 
and/or transmit power of the signals transmitted over the air interface 14. The base 
station and the mobile terminal 12, however, need not both adjust the data rate and/or 
transmit power. For example, the base station may adjust the data rate and/or transmit 
power of the signals transmitted over the air interface 14, but the mobile station 12 need 
20 not. Likewise, the mobile station 12 may adjust the data rate and/or transmit power of the 
signals transmitted over the air interface 14, but the base station need not. 

Moreover, the exemplary embodiments of the present invention are not limited by 
the data rate and the transmit power of the signals transmitted by the mobile terminal 12 
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being the same as the data rate and the transmit power of the signals transmitted by the 
base station. The data rate and power of the signals transmitted by the mobile terminal 
12 can be set independently from that of the base station. 

Referring to Figure 2, the base station may receive an indication of a frame error 
5 rate (FER) over the air interface 14 at block 40. The base station may receive the 
indication of the FER in a message, for example, sent by a mobile terminal 12 over the 
reverse link pilot channel of the reverse link 32. The FER may characterize a reliability 
of the wireless network to transport bits over the air interface 14. 

The FER may be a ratio of (i) a number of frames having at least one bit in error 
10 to (ii) a total number of frames transmitted over the forward link channel 30 of the air 
interface. Of course, other arrangements are possible for calculating the FER over the air 
interface. The FER over the air interface may be determined by other types of measures 
that also characterize the reliability of the air interface. 

At block 42, the base station may determine whether to adjust transmit power 
15 and/or data rate of the signals exchanged over the air interface. The base station may 
ry compare the FER of the air interface 14 to a target FER. The target FER may be an FER 

over the air interface 14 set by an operator of the wireless network. If the FER of the air 
interface 14 is less than (or equal to) the target FER, then at block 44 the base station may 
reduce the transmit power of the signals transmitted over the air interface 14. Reducing 
20 the transmit power may increase the call capacity of the wireless network. 

Alternatively, if the FER of the air interface 14 is greater than (or equal to) the 
target FER, then, at block 46, the base station may adjust the data rate and/or transmit 
power of the signals transmitted over the air interface 14. The adjustment of the data rate 
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and/or transmit power may result in an increase in the call capacity of the wireless 
network and/or the FER over the air interface 14 being reduced. 

The data rate and/or the transmit power may be adjusted according to a level of 
interference over the air interface 14. The level of interference is an indication of how 
5 much stronger the signals that are received by the base station or mobile station are to 
background noise. The level of interference may be measured as a signal-to-noise ratio 
of the air interface 14, but of course other arrangements are also possible. 

According to an exemplary embodiment of the present invention, the base station 
may use the reverse link pilot channel to measure the level of interference over the air 
10 interface 14. The level of interference over the air interface 14 may be measured by an 



mi 



ffl aggregate reverse-E c /I 0 (i.e., aggregate R-E c /I 0 ). Additionally or alternatively, the level of 

interference over the air interface 14 may be measured by a reverse-E c /I 0 (i.e., R-E c /I 0 ). 

The aggregate R-E c /I 0 may be a ratio of (i) energy received from more than one 
mobile station to (ii) the total amount of interference (e.g., signal and noise) received by 
I 15 the base station. The R-E c /I 0 may be a ratio of (i) energy received from a single mobile 
I station to (ii) the total interference received by the base station. The base station may use 

the measure of aggregate R-E c /I 0 and/or R-E c /I 0 to adjust the data rate and/or transmit 
power of the signals transmitted over the air interface 14 between the base station and the 
mobile stations served by the base station. 
20 Figure 3 is a flow chart, which illustrates in more detail the adjustment of the data 

rate and/or the transmit power identified by block 46 of Figure 2. At block 60, the base 
station may measure the aggregate R-E c /I 0 over the air interface 14. The aggregate R- 
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E c /Io may be measured in four steps. Of course, the steps may be combined, divided, or 
arranged differently from what is described herein. 

The first step may be for the base station to measure the reverse link pilot energy 
per chip, R-E c , on the reverse link pilot channel. The reverse link pilot energy per chip 
5 may be the energy of a fixed number of bits received from a mobile station over the 
reverse link pilot channel. The fixed number of bits may be, for example, the bits in a 
one or more frames 34. The base station may identify that a frame is from a mobile 
station by an address. The address, such as a mobile identification number (MIN), may 
be appended to the frame to indicate a source (i.e., mobile station) of the frame. Other 
q 1 0 arrangements are also possible. 

ff! The second step may be for the base station to aggregate the R-E c measured for 

m 

15 each mobile station that the base station serves. An aggregate R-E c may be a measure of 

the total energy received over the reverse link pilot channel for all the mobile stations 
served by the base station. 
SjJ 15 The third step may be for the base station to measure the total received power 

spectral density on the reverse link pilot channel. The total received power spectral 
density I 0 may be a sum of power corresponding to (i) a noise floor level of the air 
interface (which includes background noise) and (ii) the signals received by the base 
station from the mobile stations that the base station serves. 
20 The fourth step may be for the base station to compute the ratio of (i) the 

aggregate R-E c to (ii) the total received power spectral density Iq. The ratio may be a 
measure of the level interference over the air interface 14 (i.e., an aggregate R-E c /I 0 ) 
between the base station and the mobile stations that the base station serves. 
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At block 62, the base station may compare the aggregate R-E c /I 0 to an aggregate 
set point. The aggregate set point may be a threshold beyond which the data rate of the 
signals transmitted over the air interface may be adjusted. The aggregate set point may 
be set by an operator of the wireless network. In a preferred embodiment, the aggregate 
5 set point may be based on a ratio of total available power to currently used power by a 
base station, e.g., -8 dBm. 

At least one vocoder on the base station and at least one vocoder on each of the 
mobile stations may encode speech into signals and transmit the signals over the air 
interface 14. If the aggregate R-E c /I 0 is greater than (or equal to) the aggregate set point, 

S 10 then, at block 64, the base station may instruct its vocoder to reduce the data rate of the 

I 

I signals transmitted over the air interface 14. The vocoder may reduce the data rate of the 

signals transmitted from the base station to the mobile stations from, for example, a full 
data rate (e.g., 9600 bps) to a Y 2 rate (e.g., 4800 bps). 

:?^} 

jfl! Additionally, the base station may instruct the vocoder on each mobile station 

2'* 15 served by the base station to reduce the data rate of the signals transmitted over the air 
m interface 14 from the mobile station to the base station. The base station may reduce the 

data rate, for example, from the full data rate to the Vi rate. The base station may send an 
instruction, for example, over a control channel of the forward link channel 30 to instruct 
the mobile stations 12 to reduce the data rate. 
20 Each mobile station and the base station may operate its vocoder at the preferred 

Vi rate until the aggregate R- E c /I 0 is less than the aggregate set point. Alternatively, a 
mobile station may resume the full data rate (e.g., 9600 bps) when the base station hands 
the mobile station off into a less loaded area served by another base station. 
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If the aggregate R-E c /I 0 is less than (or equal to) the aggregate set point, then the 
base station will not adjust the data rate of all of the signals transmitted over the air 
interface 14. Instead, the base station may adjust the data rate of the signals transmitted 
over the air interface 14 between a single mobile station and the base station. 
5 At block 66, the base station may measure the level of interference over the air 

interface, R-E c /I 0 over the air interface 14. The level of interference R-EA requires 
determining a reverse link pilot energy per chip, R-E c and a total received power spectral 
density I 0 . The reverse link pilot energy per chip, R-E c , may be the energy of a fixed 
number of bits received from the reverse link pilot channel for the single mobile station. 

^ 10 The total received power spectral density I 0 may be a sum of power corresponding to (i) a 

CI 

noise floor level of the air interface; and (ii) the signals received from the base station. 

fa 

m} Using the received pilot energy per chip and the total received power spectral 

W 

a density, the base station may then compute the ratio of (i) the received pilot energy per 

fU chip to (ii) the total received power spectral density. The R-E c /Io represents a level of 

y 1 5 interference between the base station and the single mobile station. 
!w At block 68, the base station may compare the R-E c /Iq to an individualized set 

point. The individualized set point may be a threshold beyond which the data rate of the 
signals transmitted over the air interface 14 may be adjusted. The individualized set 
point may be configurable by an operator of the wireless network. In a preferred 
20 embodiment, the individualized set point may be -8 dBm. 

If the R-E c /I 0 is greater than (or equal to) the individualized set point, then the 
base station may reduce the data rate of the signals transmitted over the air interface at 
block 70. The base station may instruct its vocoder to transmit the signals to the single 
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mobile station at a reduced data rate, preferably J4 full rate. The base station may also 
instruct the vocoder of the single mobile station to transmit the signals to the base station 
at the reduced data rate. 

The base station and/or single mobile station may transmit at the reduced data rate 
5 until the FER of the air interface 14 is below the target FER. At block 72, the base 
station may receive an FER over the reverse link pilot channel from the single mobile 
station. The base station may then compare, at block 74, the FER of the air interface 14 
to a target FER. If the FER over the air interface 14 is less than (or equal to) the target 
FER, then the base station, at block 76, may instruct its vocoder and that of the single 
Q 10 mobile station to resume a full data rate (e.g., 9600 bps). If the FER over the air interface 
14 is greater than (or equal to) the target FER, then the base station may continue to 
p[i transmit the signals over the air interface 14 at the reduced data rate. 

^ If the R-E c /I 0 is less than (or equal to) the individualized set point, then, at block 

|T| 78, the base station may increase the transmit power of the signals transmitted over the 

yt 15 air interface 14. At block 80, the base station may receive another FER from the single 
mobile station. At block 82, the base station may compare the FER over the air interface 
with a target FER. If the FER over the air interface 14 is greater than (or equal to) the 
target FER, then the base station may increase the transmit power of the signals. The 
transmit power of the signals may be increased in preferably -8 dBm steps for every one 
20 or more frames 34. When the FER over the air interface 14 is less than or equal to the 
target FER, the base station will stop increasing the transmit power of the signals. 

Although the foregoing describes the base station adjusting the data rate of the 
vocoder between a full rate and a l A rate, the base station may adjust the data rate of the 
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vocoder to other rates. For example, the base station and/or mobile station may reduce 
the data rate of its vocoder to 14 th the full rate, l/8 th the full rate, or any other fraction. 
Also, as noted above, the base station and mobile station need not both adjust its data rate 
nor adjust its data rate by the same amount. 
5 Moreover, the exemplary embodiments are not limited by adjusting the data rate 

of the vocoders on the base station and/or the mobile terminal 12. The data rate may be 
adjusted generally for any entity on the base station and/or the mobile terminal that 
allows for control of the data rate of the signals that are transmitted over the air interface. 
The entity may be the vocoder, but it is not necessarily limited to the vocoder. 

CI 10 Exemplary embodiments of the present invention have thus been illustrated and 

Q 

%l described. It will be understood, however, that changes and modifications may be made 

l|i to the invention as described without deviating from the spirit and scope of the invention, 

as defined by the following claims. 
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